Abstract: Renal osteodystrophy is a systemic disorder associated with chronic kidney disease (CKD) with abnormal values of biochemical parameters related to bone and mineral metabolism. Assessing renal osteodystrophy subtypes is especially important for diagnostic and therapeutic decision. Management of these disorders includes monitoring of homeostasis of calcium, phosphorus and parathormone (PTH). PTH is a signifi cant regulator of mineral balance and it´s level is used as a surrogate biomarker for the type of underlying renal osteodystrophy. Worldwide, nephrologists rely on KDIGO -Clinical Practice Guideline for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney Disease -Mineral and Bone Disorder (CKD-MBD) to maintain PTH levels within defi ned narrow range of optimal values for each stage of CKD and adjust such PTH -lowering treatments as active vitamin D sterols or calcimimetics accordingly. PTH is rapidly degraded in vivo, with half life of 5 minutes and it is also unstable in blood samples. Values can differ signifi cantly when samples are not collected in a standard way and when recommended conditions for transport and sample processing are not followed. It is also important to standardize pre-analytic conditions that may infl uence the variability in PTH results. The goal of the present study was to compare iPTH stability in serum and plasma samples and evaluate possible pre-analytic errors in sample collection, effect of temperature during transportat and storing prior to analysis (Tab. 1, Fig. 1 Circulating parathyroid hormone (PTH) should be measured regularly in patients with chronic kidney disease (CKD) to diagnose and evaluate secondary hyperparathyroidism and CKD related mineral and bone disorder. PTH level is often used as a surrogate biomarker for the type of underlying osteodystrophy and for adjustment of PTH-lowering treatments.
Circulating parathyroid hormone (PTH) should be measured regularly in patients with chronic kidney disease (CKD) to diagnose and evaluate secondary hyperparathyroidism and CKD related mineral and bone disorder. PTH level is often used as a surrogate biomarker for the type of underlying osteodystrophy and for adjustment of PTH-lowering treatments.
Parathyroid hormone (PTH) plays a key role as a systemic regulator of calcium, phosphate and vitamin D metabolites in blood. It is also a major regulator of cellular activity in bone. Classical biological activities of PTH are mediated by PTH1R receptors, which are present in some tissues, while the amino-terminal region of the molecule contains the sequence necessary to active PTH1R. PTH present in circulation is very heterogeneous, and this is a consequence of a complex metabolism (1) . PTH is a linear peptide of 84 amino acids, produced in the parathyroid glands, encoded in humans by a gene located on the short arm of chromosome 11. The transcription product not only encodes the 84 amino acids of the fi nal peptide, but also encodes "pre" signal sequence of 25 amino acids and basic "pro" hexapeptide. The "pre" signal sequence plays a role in transport to endoplasmic reticulum and "pro" hexapeptide sequences hydrolyzed by endopeptidases in the Golgi apparatus. The resulting fi nal 84-amino acid hormone is subsequently packed into secretory granules and transported to cell membrane. Metabolism of PTH is regulated by ionized calcium concentration in blood. PTH secretion is controlled by the extracellular calcium-sensing receptor (CaSR) and G protein-coupled receptor on the surface of parathyroid glands. The inhibition of PTH (1-84) secretion is accompanied by an enhanced proteolysis with secretion of other peptide fragments, PTH (7-84) (2) . PTH (1-84) and variety of derived peptide fragments are present simultaneously in peripheral blood. Indeed, the concentration of peptide fragments is several-fold greater than the concentration of intact hormone.
PTH is rapidly degraded in vivo, with the half life of 5 minute and it is also unstable in blood samples (3) . For the correct measurement of intact PTH, the correct handling of the blood specimens is of crucial importance.
The aim of the study
To compare iPTH stability in serum and plasma samples. To evaluate possible pre-analytic errors, such as collection of samples and the effect of temperature during transportation and storing prior to analysis.
Methods
Serum and plasma samples from 100 dialyzed patients were studied. Four serum samples and 4 plasma samples from each patient were analyzed. Control serum and control plasma samples from individual patients were collected, stored, transported at the temperature of 4 °C and analyzed within 2 hours since the collection according to the standard recommendation. Other 3 serum samples and 3 plasma samples were collected and transported to the laboratory at the room temperature and analyzed after 2 hours, 6 hours and 24 hours since collection. The concentration of iPTH was determined by Elecsys 2010 auto-analyser (Roche Diagnostics, Germany).
Statistical analysis
The analysed data set contained data measured in 100 patients. For each patient 8 values of PTH were recorded. The values of PTH were identifi ed as log-normally distributed and hence (for better statistical characteristics) transformed using the logarithmic transform: x' = log10(x). Normality of the transformed values was tested and confi rmed by the Kolmogorov-Smirnov test. Such data transformation and the consequent Kolmogorov-Smirnov test enabled us to analyse the data using parametric statistical tests. For the comparison of the PTH values according to the reference samples (kept on ice) from serum and plasma, the paired t-test was used. For the evaluation of difference in the values of PTH level among the four blood serum samples (one reference sample kept on ice and three samples kept at the room temperature), the repeated measures ANOVA was used. Moreover, we used also Dunnett's test for the assessment of difference between the room temperature samples and reference sample. The same methods were also applied for the evaluation of differences among the recorded values of PTH level extracted from plasma.
For all statistical considerations, the signifi cance level α = 0.05 was used.
Results
iPTH values in control serum and control plasma did not differ signifi cantly when collected in a standard way and when recommended conditions for transportation and samples processing were followed. A signifi cant difference in iPTH values was found in serum samples, which were not stored according to standards. The results are described in the Table 1 and Figure 1 .
The comparison of the reference samples
The difference between PTH level recorded in the reference serum and plasma samples could not be proven as statistically signifi cant (paired t-test: t = 0.970, df = 99, p < 0.334). Thus, the starting PTH level was observed to be the same for both types of blood samples.
The serum
It was confi rmed that the difference among values of PTH level measured in four serum samples at different room temperatures was statistically signifi cant (Repeated measures ANOVA: F = 422.062, df1 = 3, df2 = 297, p < 0.001). For the assessment of difference in the PTH level between the serum reference sample and three samples taken at the room temperature, the Dunnett's post-hoc test was used. All three samples taken at room temperature have shown a lower PTH level than the reference sample (Tab. 1 and Fig. 1) .
The sample kept at room temperature and evaluated after 2 hours from the blood collection had shown a 6.5 % decrease (in the mean) of the PTH level with respect to the reference sample kept on ice. The other sample kept at room temperature and evaluated after 6 hours from the blood collection has shown a 19.4 % decrease of the PTH level with respect to the reference sample kept on ice and a 13.9 % decrease of the PTH level with respect to the sample kept at the room temperature evaluated after 2 hours from the blood taking. When considering the room temperature sample evaluated after 24 hours from the blood collection, the values of PTH level had been 49.8 % lower (in the mean) according to the reference sample, 46.7 % lower according to the sample evaluated after 2 hours from the blood collection and 38.6 % lower according to the sample evaluated after 6 hours from the blood collection.
The plasma
It was not statistically proven that the difference in the PTH level between the four considered plasma samples was statistically signifi cant (Repeated measures ANOVA: F = 2.468, df1 = 3, df2 = 297, p < 0.062).
Conclusion
There was no statistically signifi cant difference in the PTH level between the serum and plasma reference samples.
Parathormone levels were signifi cantly lower in the serum samples kept at the room temperature after blood collection than in the serum reference sample. This implies that the PTH molecules present in the serum sample were not stable in time when not kept at standard conditions (on ice).
On the other hand, no signifi cant difference in the PTH level was observed for plasma samples, which implies that the plasma samples are stable in time even when kept at the room temperature.
It can be concluded that determination of iPTH in plasma is not jeopardized by possible error in pre-analytic phase of examination, which can have signifi cant consequences for the diagnosis and treatment of bone disease in patients with chronic kidney failure.
Discussion
In the present study, we measured circulating PTH concentration in serum and plasma in patients with CKD stage 5. We found that PTH concentration in serum and EDTA plasma differed signifi cantly regardless the time at the room temperature. The PTH degradation was signifi cant in serum samples, concentration of PTH felt nearly to half after 24 hours at the room temperature. This pre-analytic phase of examination is very important for the fi nal measurement. The investigations showed that EDTA plasma is a good choice based on an excellent PTH stability (4). Our study has some limitations. We didn't compare other PTH assays, used only Roche Elecsys for evaluation of samples. Joly et a. showed that PTH concentration may vary widely depending on the assay used to assess PTH (5) .
Regardless of the daily practice in PTH measurement and blood sample collection and handling in dialysis centres, we recommend the use of EDTA plasma for the evaluation.
